Covering a period of 23 years, the Timişoara (in historical Banat region; today SW-Romania) series is the earliest known long-term 18 th -century daily measurement (temperature, pressure) and weather observation series (precipitation, sky coverage, meteorological extremes), preserved in the south-eastern lowlands of the Carpathian Basin. Based on data derived from the original weather diary of the royal pharmacist Karl Joseph Klapka, in this paper the early instrumental measurement and daily observation series is presented referring to the temperature, pressure, precipitation conditions, cloudiness, wind, types of precipitation and extreme weather events that occurred in Timişoara in the period of 1780 -1803. The two daily temperature measurement series show very high (over r=0.95) correlations, while pressure series are also in good agreement with other known late 18 th -century measurement series of the same period in the Carpathian Basin (Buda, Miskolc and Kežmarok). The Timişoara-series also contains important information concerning such weather extremes as the severe winter of 1784 or the unusual number of summer fog events in 1783 (presumably related to the Icelandic Lakagígar eruption), which are also r eported in the present paper.
The 18 th century is of basic importance from the viewpoints of the implementation of a uniform European measurement network and also from the development of meteorology and climatology in historical Hungary that covered the majority of the Carpathian Basin. The instrumental measurements and daily visual weather observations, carried out at the end of the 18th century, already provide much more accurate information on the weather conditions of the period -mainly on the temperature, pressure and precipitation events -than the earlier ones (e.g. Szőkefalvi-Nagy and Zétényi, 1965; Réthly, 1970) . Both inside and outside of the Societas Meteorologica Palatina network, these records were usually made by (highly) educated people; in most cases by physicians, pharmacists, astronomers or members of the clergy (Brázdil et al., 2002 (Brázdil et al., , 2005 Demarée et al., 2002) . Measurements and observations were initiated mainly on the basis of uniform methods, and thus, clear similarities in practices can be traced, for instance, in the Spanish, Swedish, Belgian, Italian and Czech analyses. These previous investigations can help in the methodology to process manuscripts, and correct as well as analyze data gained from the manuscripts (Barriendos et al., 2002; Brázdil et al., 2002 Brázdil et al., , 2003 Camuffo, 2002a etc.) .
Mainly due to the assembling work of Antal Ré-thly (1970) , there are four known instrumental measurement series, combined with daily weather records, extending over several years from this time-period in the area of historical Hungary (Fig. 1) . Firstly, the series of Buda station (Buda observatory) should be mentioned, which operated as a member of the Societas Meteorologica Palatina European measurement network, and its measurements were systematically documented in the Societas yearbooks until 1792. The temperature data and the daily visual observations from Miskolc (Hungary) between 1780 and 1801 (together with pressure series in 1780 and in the period 1794 -1800), appeared in published form in 1794 and 1802 (by Benkö, 1794 Benkö, , 1802 , and were partly analyzed (see Szőkefalvi-Nagy and Zétényi, 1965) . Additionally, observations and measurements carried out in Kežmarok (in Slovakia; historical Késmárk) between 1789 and 1800 by János Genersich, remained in handwritten form (National Széchényi Library, Budapest, Fol. Germ. 114), similar to the data of Timişoara (in Romania; Temesvár in historical Hungary).
Recently, a complex processing of the Miskolc and Kežmarok originals has been carried out. These additional data can help us to provide an even more detailed picture of the weather patterns characterizing the Carpathian Basin in the late 18 th century. This paper presents the measurements and daily records carried out in Timişoara: the digitalization of Klapka's written records -extending over 23 years -made it possible for us to perform the statistical analyses of the temperature and pressure data, as well as that of the daily meteorological observations. The importance of this work arises from the fact that, except for one publication concerning the Miskolc temperature series (Szőkefalvi-Nagy and Zétényi, 1965) , the in-depth, detailed analysis of the Hungarian instrumental measurements and daily observations from the late 18 th century, apart from the Buda(pest) series (the only late 18 th century series included in the Societas Meteorologica Palatina network), have not been provided in published form.
THE KLAPKA-MANUSCRIPT AND DATA PROCESSING
The original manuscript can be found in its entirety in the Manuscript and Rare Book Collection of the Eöt-vös Loránd University Library in Budapest (catalogue No. E 40). The observer, Karl Joseph Klapka, was a royal pharmacist, coming from Znojmo (SouthMoravia), who moved to Timişoara around the year 1780 (Szinnyei, 1900; Klapka, 1886) . Although no information is currently available on the exact location of his measurements in Timişoara, it is quite probable that the measurements took place at the building (yard?) of the Pharmacy located in the city centre. Except for one or two missing days, an essentially continuous data series is available concerning the years between 1780 and 1803. The diary consists of data measured three times every day. The temperature measurements were carried out simultaneously by two thermometers (in Réaumur and Fahrenheit). In case of pressure measurements, the scale was divided according to the Paris measure in inches ('Grad') with values of 26, 27 and 28, every inch with 12 lines ('Dig') and every line with 10 units. In addition, Klapka regularly (three times a day) added information about the state of sky, cloudiness, wind variety and precipitation events (with types mentioned).
As the first step of digitalization, the numerical and textual information, available in the Klapka manuscript, was converted (i.e. typed in) to an excel file: in case of pressure the inch values had to be completed, while negative temperature values (with the sign "under zero") were converted to negative values. Due to the very uniform use of ink and the homogeneity of handwriting, we presume that the available manuscript was the copied, finalized version of the measurements. In a few cases, when a copying mistake of values was obvious (e.g. missing sign of negative value), we have corrected the actual number. Concerning the description of daily weather conditions, the precipitation-related narrative information was interpreted and transformed into numerical values (see details later). After digitalization and interpretation of the manuscript, the temperature and pressure series, and the daily records (written in Latin) were suitable for statistical analysis.
One of the great advantages of the Klapkamanuscript is that it provides continuous information for the period between 1780 and 1803, thus a data series characterized by unique continuity is available for this region, and for the south-eastern region of the Carpathian Basin in particular. It is an essentially important fact, since regular daily reports of the Societas Meteorologica Palatina were put aside for a few years after 1792. As a consequence, the daily Fig. 1 Location of places mentioned in the paper (thick black line: 18 th century borderlines of countries that belonged to the Hungarian crown; thin black line: present day country borders) th -century daily measurements and weather observations in the SE-Carpathian Basin … 3 observations carried out at the end of the century in Buda are not available; only monthly averages are known. The other advantage of this measurement series is that it originates from the last decades of the 18th century thus coincides with the so-called 'Maldá-anomaly', a period famous for its extreme weather conditions (Barriendos et al., 2003; Brázdil et al., 2003) .
TEMPERATURE MEASUREMENTS
The early liquid-in-gas thermometers were very different from each other in many respects, namely deformation of the glass tube and bulb, polymerization of organic thermometer liquids, slipping of the scale or the capillary etc. which can cause measuring errors (Camuffo, 2002b) . In this way, in order to be able to carry out statistical analysis of the data the two types of temperature measurement series provided by Klapka, had to be converted into one common unit of measure -in our case the Celsius degree scale. Furthermore, the comparison of the data recorded in the manuscript with the contemporary measurements of Buda, Kežmarok and Miskolc allows us to carry out a comprehensive analysis. In case of the Timişoara series, using the Celsius values derived from the measurements in Fahrenheit and Réaumur, morning, noon, evening and daily averages could be calculated. For the calculation of daily averages the Kämtz method was applied: (1* morning+1* noon+2* evening)/4 (see e.g. Dall'Amico and Hornsteiner, 2006; see also Kern, 2009 ).
The values measured by two different types of thermometers were practically identical to each other (r=1), correlated well both with the contemporary monthly temperature data series of Buda (r=0.98) ( Fig. 2) and with the temperature data series of the period 1961-1990 measured in Timişoara (r=0.99) as well. Moreover, monthly values show strong correlation with the available contemporary measurement series of Miskolc (r=0.94) and Kežmarok (r=0.97). The second figure (Fig. 2) shows the monthly averages of temperature values in Timişoara and in Buda regarding the studied 23 years (1780-1803). It is conspicuous that, after 1783, there is a difference of approximately 3 degrees on average between the two observation sites: the monthly temperature values in Timişoara are all-time higher than those of Buda (which fits the general differences in climate), which is particularly visible in case of mild winters such as 1786, 1792, 1796, 1798 or 1800. It has to be emphasized, however, that difference between the Buda and Timişoara temperature series is much less significant in case of summer, and even less detectable in case of autumn and spring values (see Fig. 2 ). Moreover, the daily course of mean temperatures referring to the entire study period, in general, reflects values comparable to the 20th-century differences in climate (Fig.  3) . Nevertheless, the generally high winter values and relatively small differences in the course of daily temperature might allow the possibility of some influence of heating (it was a common practice /especially in towns/ to put the thermometers on the wall, or place them in courtyards etc.). The values transformed are still raw data series, and it follows from that, that a deeper and more accurate analysis should be carried out in future. Comparing the annual courses of temperature series in 1780-1803 and 1961-1990 (Fig. 4) , it comes clear that monthly temperatures measured in 1780-1803 are generally 2-3 ºC higher than those measured in 1961-1990 in Timişoara; this difference can reach 5 ºC in winter months. Thus, higher degrees can be systematically detected not only compared to the contemporary Buda measurements (located ca. 250 km northwest to Timişoara with the Great Hungarian Plain in between), but also to the present-day ) Timişoara data series. What could be the reason of this difference, especially in winter time? The clear reasons are unknown; nevertheless, the urban location of the pharmacy, and the contemporary practices of settling the instruments (maybe an inner yard location, thermometer placed on the wall) or some technical reasons (installation) can also be responsible for the differences. Since positive temperature anomalies can primarily be detected during mild winters and they are less visible during summers, the effect of insolation seems to be a less likely reason for the higher temperature values.
Based on the Klapka-measurements, in Timişoara especially the summers of 1781, 1788, 1794 and 1802 turned out to be outstanding warm. The extraordinary hot summer of 1783, which was reported in large parts of Central Europe (Brázdil et al., 2003) , was not an unusually hot summer in Timişoara concerning monthly averages (see Fig. 2 ). On the basis of monthly average temperatures, the hardest winters in Timişoara occurred in 1782, 1789, 1795 and 1799, which were otherwise accompanied by ice jam floods along the Danube in the Carpathian Basin, similarly to some other areas in Central Europe (see e.g. Strömmer, 2003; Kiss, 2007; Glaser, 2008; Brázdil et al., 2010) .
Due to its severe conditions and the great and extraordinary winter-and spring-flood events, the winter of 1784 (after the great Lakagígar eruption in Iceland) is considered as one of the most famous European extremes in the last decades of the 18th century (for a European overview of flood waves, background and consequences, see Brázdil et al., 2008) . Although the winter of 1784 was clearly colder than usual in Timişoara, if we merely take the temperature averages into consideration, it was not one of the coldest winters of the study period. It is rather due to the great temperature variations (very cold periods were interrupted by rather mild ones), reflected in the course of daily temperatures as well as the values of daily maximum and minimum temperatures (Fig. 5) , that this winter was reported as a notably cold one in the Carpathian Basin, when both ice jam flood (e.g. in December on the Maros river) as well as floods due to snow-melt (from January) occurred around Timişoara and in the Banat area (see e.g. Kiss and Csernus-Molnár, 2008; . Fig.4 Annual course of measured temperature values in Timişoara: 1780-1803, 1961-1990 (in ºC) 18 th -century daily measurements and weather observations in the SE-Carpathian Basin … 5
The late 18th century was also rather rich in individual temperature extremes in Central Europe, and also in Timişoara and the Carpathian Basin. In Timişoara, the coldest December occurred in 1788 (-2.6 ºC measured by in 1961 -1990 
AIR PRESSURE MEASUREMENTS
Similar to temperature, pressure measurements were provided three times per day in a rather systematic way. Even if Klapka provided no evidence on the measurement unit of his pressure data series, based on the values included in the manuscript, the pressure data presumably were recorded in Paris inches, which was widely applied in this period in Europe. From the original daily values, transformed to hPa form, daily and monthly averages were calculated ( Fig. 6) : although the annual pressure averages show some parallels to those measured in Timişoara between 1961 and 1990, the non-corrected values are significantly lower than the ones measured in the 20 th century. Apart from the fact that these are still raw values (not corrected to temperature or reduced to sea elevation), the values will change after corrections, the problem of low values clearly needs further elaboration.
Similarly to the analysis of the temperature data, for further quality assessment of the pressure measurements carried out in Timişoara, the daily data series of Buda were applied, the raw data of which were obtained from the Mannheim series of the Societas Meteorologica Palatina (Ephemerides… 1781 (Ephemerides… -1792 , and transformed to hPa using the aforementioned formula. As, similarly to the 
DAILY OBSERVATIONS, WITH SPECIAL EMPHASIS ON PRECIPITATION PATTERNS
Beyond recording the measured temperature and pressure values, Klapka also provided a systematic description of weather events (e.g. precipitation, atmospheric phenomena) three times every day in Latin. Since the application of contemporary terminology, the use of specific words have special importance in proper understanding of weather conditions, it is necessary to provide the precise, present-day interpretation of the more important terms. Terms appearing most often in the manuscript refer to transparency, cloudiness, type of precipitation (e.g. snow, fog), motion of air (e.g. windy) or to temperature (e.g. cold, hot). However, some individual phenomena (e.g. rainbow) also appear in the manuscript (see Table 1 ). In addition to the measured temperature and pressure values, the aforementioned observations provide us more information for instance about the number of days with precipitation, the physical condition of precipitation, the number of cloudy or of foggy days. From all these information the systematically recorded daily evidence on precipitation might be the most important.
PRECIPITATION OBSERVATIONS
A significant further section of the daily observation records refers to precipitation. Although no precipitation measurements were carried out, Klapka recorded the information on precipitation every day. From this evidence, it is possible to calculate days with precipitation, dividing the information according to precipitation types. After aggregating the number of days with precipitation summed up for each month, the numbers of rainy, snowy and mixed days were separately grouped (Fig. 7) . At the same time the manuscript also provides some information on trace precipitation (mostly about the number of foggy dayssee later), which were treated separately from normal precipitation information. We have to note that even if some comparisons were carried out with precipitation measurement data series, the number of days with precipitation is not equivalent to the amount of precipitation measured in other places. Moreover, it is possible that precipitation events during the night were sometimes not recorded in the manuscript.
Precipitation results (quantity) were compared with the daily precipitation data of Buda, published in the volumes of the Societas Meteorologica Palatina (Ephemerides… 1781-1803) . The correlation between the Buda and Timişoara datasets shows connection on 5% significance level (r=0.27). Thus, despite the great distance (over 250 km) and the differences in precipitation patterns, some connections could be detected with the contemporary measured precipitation datasets of Buda, which supports the further potentials of the late 18 th -century daily precipitation information recorded in Timişoara.
At the same time, the manuscript also reflects on some of the dry (such as 1794, 1797, 1800, 1802 etc.) and rainy years (such as 1786, 1795, 1801). In the latter case, As we pointed out earlier, it is an important fact that the number of days with precipitation events is not always closely related to the amount of precipitation: that is why, for example, the otherwise famous drought year of 1794, does not appear as a great singularity in the record. Moreover, the (inter)annual distribution of days with precipitation is also an important, further question to be discussed, greatly influencing drought patterns (especially in case of agricultural drought). The distribution of days with precipitation, presented annually, still provides some rather interesting information, even concerning the drought year of 1794. For instance, 77 days with precipitation events were recorded in the manuscript concerning that year, but only 12 days were noted to be rainy in the entire spring, and no precipitation at all was recorded in March. Moreover, there were no more than 4 rainy days in August. Reports from other documentary evidence, such as contemporary newspapers (e.g. in Magyar Hírmondó 19 August 1794), are also available about the great drought ('beyond any record') of spring and summer on the Great Hungarian Plain which -among other evidence -provide a rather detailed and clear picture about the severe lack of precipitation mainly in spring and summer, but practically also in winter and in the preceding years (for a short overview of scientific literature about this drought event see Kiss, 2009) .
Another interesting example can be raised from 1781: the annual distribution of days with precipitation events was rather extreme during the year. Whereas the winter (1781) was remarkably rainy, the spring and the summer were rather dry. The year of 1792 was similar. Despite the fact that Klapka observed more than 100 days with notable precipitation, the highest number of days with precipitation events was observed during winter, while spring and summer were dry.
TRACE PRECIPITATION
Although similarly to precipitation evidence, trace precipitation was probably not always recorded in time, some conclusions can be drawn, especially concerning the number of foggy days provided in the manuscript. Probably the most interesting example is the extraordinary event which reflects from the written records occurred in this period: an unusually large number of days (14) with fog was recorded in Timişoara during the summer of 1783. This is rather extreme in this season and shows an unambiguous anomaly compared with the other summers of the studied period (1781-1803) ; the number of foggy days in summer was usually between 2 or 3, but never (apart from 1783 summer) exceeded 7 (Fig. 8) . The unusually large number of foggy days is in good agreement with the great number of dry fogs recorded all over Europe in this summer (also in the actual Societas Meteorologica Palatina volume), which was one of the 'side-effects', impacts of the Lakagígar eruption in Iceland during the summer of 1783. The consequences of this major volcanic eruption (lasted for 6 months) have been extensively presented in many studies, including atmospheric and weather impacts, the extreme precipitation and temperature conditions (hot summer with numerous thunderstorms, extreme winter etc.) together with related flood waves and ice jam floods during the hard winter of 1784 in Europe (see e.g. Stothers, 1996; Self and Rampino, 1998 ; for Hungary: latest European overview: Brázdil et al., 2010) . Apart from other consequences, a large number of contemporary reports can also be found concerning the dry fog phenomenon in the Carpathian Basin: newspapers, such as the Magyar Hírmondó (12. July 1783.) or the Pressburger Zeitung (30. July 1783.) published reports about this unusual but rather interesting phenomenon.
CONCLUSIONS AND OUTLOOK
The Timişoara weather diary written between 1780 and 1803 by K. J. Klapka (pharmacist) represents the southeasternmost meteorological instrumental measurements in the Carpathian Basin from the late 18 th century. The importance of the Timişoara measurements and daily observations lies in their continuity (for 23 years, with only some days missing), construction and accuracy, and in the fact that they date back to an important period of historical climatology, namely the second part of the 18 th century (the so-called 'Maldá-anomaly') which was famous for its temperature and precipitation extremes. Due to the fact that the Societas Meteorologica Palatina volumes were not published after 1792 and the daily measurements at Buda are not available for several years after 1792 (only monthly sums are known), the measurement series of Timişoara represents the single, continuous daily temperature and pressure data series from this region known at present (the series of Miskolc and Kežmarok are incomplete, and with some further quality problems; see Csernus-Molnár and Kiss, 2011) .
After the digitalization of the measurement series of Timişoara, the measured data could be compared to the results of the contemporary measurements carried out in Buda, Miskolc and Kežmarok: strong correlations were detected between both the temperature and pressure series, which prove the further elaboration potentials of the datasets included in the manuscript. Concerning the daily weather records the information on precipitation play an important role as the analysis of the number of days with precipitation provided some further parallels to the contemporary Buda measurement series. Moreover, the data on trace precipitation could provide some interesting information concerning the large number of foggy days observed in the summer of 1783, which might be in relation with the consequences of a major Icelandic (Lakagígar) volcanic eruption in 1783.
